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Both individuals with diagnosed with Autism Spectrum Disorder (ASD) and individuals
high in psychopathic traits show reduced susceptibility to contagious yawning; that
is, yawning after seeing or hearing another person yawn. Yet it is unclear whether
the same underlying processes (e.g., reduced eye gaze) are responsible for the
relationship between reduced contagion and these very different types of clinical
traits. College Students (n = 97) watched videos of individuals yawning or scratching
(a form of contagion not reliant on eye gaze for transmission) while their eye
movements were tracked. They completed the Interpersonal Reactivity Index (IRI), the
Autism-Spectrum Quotient (AQ), the Psychopathy Personality Inventory-Revised (PPI-R),
and the Adolescent and Adult Sensory Processing Disorder Checklist. Both psychopathic
traits and autistic traits showed an inverse relationship to contagious yawning, consistent
with previous research. However, the relationship between autistic (but not psychopathic)
traits and contagious yawning was moderated by eye gaze. Furthermore, participants
high in autistic traits showed typical levels of contagious itching whereas adults high
in psychopathic traits showed diminished itch contagion. Finally, only psychopathic
traits were associated with lower overall levels of empathy. The findings imply that the
underlying processes contributing to the disruptions in contagious yawning amongst
individuals high in autistic vs. psychopathic traits are distinct. In contrast to adults high in
psychopathic traits, diminished contagionmay appear amongst people with high levels of
autistic traits secondary to diminished attention to the faces of others, and in the absence
of a background deficit in emotional empathy.
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Both Autism SpectrumDisorder (ASD) and psychopathy have been described as empathy disorders
(e.g., Platek et al., 2003; Schürmann et al., 2005), and previous research has shown that both
individuals with ASD and individuals with high levels of psychopathic traits show diminished eye
contact early in life (Robins et al., 2001; Dadds et al., 2014) as well as diminished susceptibility
to contagious yawning (Helt et al., 2010; Rundle et al., 2015). At the same time, the clinical
presentation of these two disorders is quite distinct, with individuals with ASD being thought to
display deficits in cognitive empathy (imagining what someone else might be feeling based on
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knowing the facts of their situation) and individuals with
psychopathy thought to display deficits in emotional empathy
(internalizing a small part of the emotions of a person right in
front of you, such as laughing more during a movie because the
person next to you is laughing, or tearing up during a movie
as you watch one of the character’s tear up) (Jones et al., 2010).
The ability to resonate with the inner states of those around you
involves a number of separable processes that could potentially go
awry in distinct ways (Frith, 2012). Contagion is a primitive form
of empathy (Hatfield et al., 2009) that may lay a foundation for
more complex forms of empathy (Prochazkova and Kret, 2017).
Elucidating the mechanisms by which it deviates from typical
development in these two clinical populations may, ultimately,
inform early intervention theory and practice.
AUTISM AND PSYCHOPATHY: THE
“EMPATHY DISORDERS”
ASD and psychopathy have both been described as empathy
disorders. Hoffman (2000) defines empathy as “any process
where the attended perception of the object’s state generates a
state in the subject that is more applicable to the object’s state or
situation than to the subject’s own prior state or situation.” Under
such a broad definition of empathy, autism, and psychopathy do
indeed both appear to be empathy disorders. Global empathy
deficits have been reported in both groups (Baron-Cohen and
Wheelwright, 2004; Ali et al., 2009; Dadds et al., 2009). Gillberg
(1992) proposed the term “disorders of empathy” be used as
a blanket term for all forms of autism because of the core
feature of difficulty in reciprocal social interaction. Psychopathy,
as identified in adults, has sometimes actually been defined as
a lack of empathy (Frick et al., 1994). Both individuals with
psychopathy and ASD share certain types of functional deficits
such as difficulty recognizing and processing the emotional
expressions of others (Hall et al., 2007; Clark et al., 2008),
and neural activation patterns in both groups reveal reduced
embodiment of the emotions of the target (Eigsti, 2013; Chen
et al., 2017).
At the same time, the specific nature of the empathy
deficits across these two groups differs sharply. Psychopathy
is characterized by traits such as “cold-heartedness” (Hare,
1991; Blair et al., 2004; Weber et al., 2008; Frick and Viding,
2009). In contrast, Kanner’s (1944) initial description of children
with autism referred to “extreme. . . aloneness.” In other words,
individuals with ASD tend to be described as “in their own
world” as opposed to individuals with psychopathic traits who
are more often described as tuned into the world around them
but unfeeling toward those in it. The overarching construct of
empathy can be and has been meaningfully divided into cognitive
and emotional empathy (Nummenmaa et al., 2008; Shamay-
Tsoory et al., 2009; Smith, 2010) and individuals with ASD and
individuals with psychopathy show distinct patterns of strengths
and deficits across these subtypes of empathy.
Cognitive empathy is characterized by the ability to take the
perspective of another based on context (e.g., Shamay-Tsoory
et al., 2009). A large body of research shows that individuals
with Autism Spectrum Disorder (ASD) tend to struggle with
cognitive empathy (see Andreou and Skrimpa, 2020 for a review);
however, the regarding deficits in cognitive empathy amongst
individuals with psychopathic traits are less consistent. Research
has shown that individuals with ASD are less able to take the
perspective of others; in other words, to understand the beliefs
(Charman and Baron-Cohen, 1992) goals (Zalla et al., 2006),
actions (Vivanti et al., 2011), and mental states (Happe, 1994) of
others, and to understand how context affects emotions (Frith
and Happé, 1994; Frith and Frith, 2006; Jones et al., 2010;
Gaigg, 2012; Schwenck et al., 2012). In contrast, parents do
not report deficits in cognitive empathy amongst children with
callous and unemotional traits (the traits in childhood that often
serve as a precursor to adult traits of psychopathy) (Pasalich
et al., 2012), and multiple studies have shown intact cognitive
empathy (and perspective-taking) in both children or adults
with psychopathic traits (Blair, 1996; Richell et al., 2003; Dolan
and Fullam, 2004; Anastassiou-Hadjicharalambous and Warden,
2008; Jones et al., 2010; Schwenck et al., 2012), with one study
even suggesting heightened cognitive empathy in this population
(Hansen et al., 2008).
Emotional empathy is characterized as an instinctive, or
automatic, physical embodiment of someone else’s emotions.
At a broad level, both individuals with psychopathic traits
and individuals with ASD tend to demonstrate diminished
emotional empathy. Specifically, both individuals with high levels
of psychopathic traits and individuals with ASD have been shown
to display reduced physiological arousal to emotional stimuli
(Aniskiewicz, 1979; Hare et al., 1991; Patrick et al., 1993; Blair,
1999; Jones et al., 2010; Marsh et al., 2011; de Wied et al., 2012),
and reduced emotional contagion (Helt et al., 2010; Rundle et al.,
2015; O’Nions et al., 2017).
Critically, each group also appears to show some islands of
heightened response to the emotions of those around them,
but these areas differ between groups. Individuals with high
levels of psychopathy show enhanced cortical excitability when
viewing others in pain, but indifference to other’s distress.
In contrast, individuals with ASD have typical spontaneous
sensorimotor responses when viewing others in pain (Fan et al.,
2014; Hadjikhani et al., 2014) and show appropriate physiological
arousal to others’ distress (Sigman et al., 1992; Blair, 1999).
Among individuals with milder symptoms of ASD, facial EMG
activity, evidence of facial mimicry, and emotional contagion, is
heightened compared with controls in response to happy and
fearful faces (Magnée et al., 2007). In contrast, individuals high
in psychopathic traits tend to show reduced autonomic reactivity
to the fear of others (Birbaumer et al., 2005;Marsh and Cardinale,
2012).
Contagion and Empathy
Certain actions, such as yawning and scratching are “contagious,”
meaning that they frequently result in automatic mimicry and
thus propagate through a group (Hatfield et al., 1994). For
example, seeing (Provine and Hamernik, 1986; Helt et al., 2019;
Cordoni et al., 2021) or hearing a yawn (Massen et al., 2015;
Helt et al., 2019) elicits yawning in observers ∼30–60% of the
time. Similarly, seeing others scratching elicits contagious itch
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in observers ∼40–80% of the time. The behaviors that are most
likely to be contagious are those that signify the inner states
of others (Hatfield et al., 1994). Thus, contagion may reflect
the emotional component of empathy in that it results in the
observer being brought closer to the inner state of the target
without necessarily evoking the cognitive component of empathy
(e.g., newborns presumably are unable to identify that another
baby is the source of the emotion when crying contagiously, and
certainly cannot understand why).
Several studies have reported non-significant links between
susceptibility to yawn contagion and scores on various empathy
measures (Haker and Rössler, 2009; Bartholomew and Cirulli,
2014; Gottfried et al., 2015; see Massen and Gallup, 2017 for a
review). However, other studies have suggested an association
between contagious yawning and some facet of empathy (Platek
et al., 2003; Arnott et al., 2009; Rundle et al., 2015). For example,
susceptibility to contagious yawning is positively related to
performance on cognitive empathy measures, such as Theory of
mind tasks, and negatively related to schizotypal traits (Platek
et al., 2003). In addition, contagious yawning tends to be greatest
in response to kin, then friends, then acquaintances, and lastly
strangers (Norscia and Palagi, 2011; Norscia et al., 2020)—
a pattern consistent with other empathic behaviors (Preston
and de-Waal, 2002, although Massen et al., 2015, reported that
participants were no more likely to yawn contagiously to a
member of their political “in” vs. “out” group). Furthermore,
contagious yawning is not present in infants or toddlers (Helt
et al., 2010) but rather develops during the preschool years
(Cordoni et al., 2021) along the same timeline as other empathic
abilities (Perner and Lang, 1999). For the purposes of the current
study, the most important point may be that both individuals
who are diagnosed with clinical conditions affecting empathy
(e.g., schizophrenia) and individuals who merely show traits of
clinical conditions affecting empathy (callous and unemotional
traits, schizotypal traits) show reduced spontaneous susceptibility
to contagious yawning (Platek et al., 2003; Haker and Rössler,
2009; Rundle et al., 2015) as well as other forms of contagion (e.g.,
Haker and Rössler, 2009; O’Nions et al., 2017).
Contagion in Psychopathy and ASD
Participants with a clinical diagnosis of ASD are less susceptible
than age-matched, typically developing peers to the contagious
yawns of strangers when they are shown video recordings (Senju
et al., 2007; Helt et al., 2019), played audio recordings (Giganti
and Esposito Ziello, 2009), or during live interactions (Helt et al.,
2010) of other people yawning. However, yawning contagion
appears spared when stimuli are familiar loved ones (Helt et al.,
2019), and when participants are explicitly cued to look at the
eyes of the target (Senju et al., 2009; Usui et al., 2013; Helt
et al., 2019). Indeed, Massen and Gallup (2017) propose that
contagious yawning is more linked to visual attention than to
empathy. In addition, children with ASD have been shown to be
more susceptible to itch contagion, which is a form of contagion
not transmitted via the eyes (Helt et al., 2020). Scambler et al.
(2007) reported that when children with ASD paid attention to
the emotional stimulus, they were just as likely to demonstrate
an empathetic response. In other words, the extant literature is
consistent with the hypothesis that individuals with ASD do not
have inherent reduced susceptibility to contagion provided they
are attending to the stimuli. In cases in which an individual with
ASD attends to and correctly classifies the other’s emotional state,
emotional empathy should be intact.
In contrast, the limited research on this topic seems to indicate
even in cases in which the target’s emotional state has been
correctly classified, the individual with psychopathic traits is
still less likely to experience emotional contagion (Luckhurst
et al., 2017) or to generate an empathic response (see Waller
et al., 2020 for a review). Indeed, this lack of emotional empathy
alongside intact cognitive empathy is proposed to enable those
with extremely high levels of psychopathic traits to manipulate
others and to account for a disproportionate number of crimes
(Blair, 2005).
Eye Gaze in Psychopathy and ASD
Although their ultimate clinical presentation is distinct, both
researchers in the field of ASD (Dawson et al., 2004) and
those in field of callous and unemotional traits (Dadds et al.,
2008, 2012) have argued that an early failure in social attention
may lead to cascading errors in the development of empathy.
Eye contact between target and observer increases arousal,
releases oxytocin, activates neural networks associated with social
thinking (Becchio et al., 2007) and appears to be a crucial
component in the process of empathic development. Eye gaze
deficits appearing in childhood characterize the developmental
trajectory of both ASD and psychopathic traits (Dadds et al.,
2006; Jones and Klin, 2013).
Eye Gaze in Psychopathy
Children with callous and unemotional traits are reported to
have displayed reduced eye contact with their caregiver during
infancy (Dadds et al., 2011) and to display reduced eye gaze
to target in experimental paradigms (Dadds et al., 2006). A
hallmark characteristic of individuals with psychopathic traits
is an impairment in the ability to recognize fear stimuli (Blair
et al., 2004). However, when children with callous–unemotional
traits are explicitly asked to attend to the eyes of fearful faces,
they show normal levels of fear recognition (Dadds et al., 2008).
Similarly, adults with psychopathic disorder often fail to show
startle potentiation (e.g., Benning et al., 2005), though when their
attention is explicitly directed to fear-relevant information, they
show normalized fear-potentiated startle responses (Newman
et al., 2010). Taken together, these studies suggest the possibility
that some of the deficits in emotion empathy observed in
individuals with psychopathic traits may be secondary to eye
gaze avoidance.
Eye Gaze in ASD
Atypical eye contact is one of the first (Robins et al., 2001) and
most significant symptoms of autism, and the range of contexts in
which eye gaze is normal amongst individuals with ASD tends to
be limited compared to neurotypical peers. For example, children
with ASD have been shown to have reduced activation of the
fusiform face area when viewing the faces of strangers (Schultz
et al., 2000), but not when viewing the faces of their parents
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(Pierce et al., 2004) or when explicitly instructed to attend to
the eye region of the target (Hadjikhani et al., 2004). Similarly, a
small number of studies have shown that individuals with ASD
demonstrate typical contagious yawning either when explicitly
asked to attend to the eyes of the target (Senju et al., 2009; Usui
et al., 2013; Helt et al., 2019) or when the target stimuli consist of
their parents (Helt and Fein, 2016; Helt et al., 2019).
Current Study
Across both groups, observed empathy deficits appear to be
largely associated with a failure to direct attention to stimuli that
normally elicit emotional response. At the same time, accounts
abound of individuals with ASD showing empathic behaviors
when they are attending and understand the context, which
is not the case for individuals with callous and unemotional,
or psychopathic, traits. It is unclear whether these two clinical
groups begin with similar starting states (diminished eye gaze
resulting in a failure of further social learning and experience)
and branch off from one another in terms of trajectory after the
development of contagion, or whether, even in the acquisition
of early forms of empathy such as contagion, the underlying
mechanisms at play are already quite distinct.
The current study explored the extent to which susceptibility
to contagious yawning may be differentially moderated by eye
contact in individuals with high and low levels of ASD and
psychopathic traits in a non-clinical population. In order to
do this, we used eye tracking to measure the eye gaze to the
eyes of the stimuli targets for the contagious yawning trials
and employed a form of contagion not reliant on eye gaze
(itching) as a comparison condition. We hypothesized that the
mechanisms underlying reduced contagion differ between these
groups, with reduced contagion being secondary to reduced
social attention in the high ASD traits group only (reflecting
“aloneness”—social signals are often missed, but when they
are not, contagion functions typically) and independent of eye
gaze in the psychopathy trait group (reflecting “aloofness”—
even when social signals are processed, contagion malfunctions).
We further hypothesized that self-reported autistic traits would
be negatively correlated with self-reported cognitive empathy,
and that self-reported psychopathic traits would be negatively
correlated with self-reported emotional empathy.
METHODS
Participants
Participants were 100 Trinity College students (50 female,
47 male), ages 18–23, recruited through psychology and
neuroscience courses. The sole exclusion criteria was corrected-
to-normal vision and no eyeglasses for easier calibration to the
eye tracker; as such it is possible that some participants may have
met clinical criteria for ASD or Antisocial Personality Disorder or
other clinical conditions. Three participants were excluded due to
loss of eye tracking data or inadequate visual attention, resulting
in a final sample of 97. See Table 1 for participant data.
TABLE 1 | Participant characterization variables.
Chronological age (years) 21.48 (1.93);
18.75–24.58
AQ scores 16.08 (7.01);
4–34
PPI-R scores 49.08 (12.54);
27–88
IRI scores 67.5 (15.3);
24–96





The Autism-Spectrum Quotient (Baron-Cohen et al., 2001). The
AQ is a 50 item, forced choice format questionnaire used to
quantify Autism Spectrum Disorder traits is adolescents and
adults of at least average intelligence. In the current study, the
Cronbach alpha coefficient was 0.89.
The Psychopathic Personality Inventory-Revised (Lilienfeld
and Widows, 2005). The PPIR is a self-report assessment of
psychopathic traits in non-criminal populations. In the current
study, the Cronbach alpha coefficient was 0.81.
Interpersonal Reactivity Index (Davis, 1980). The IRI is a
multidimensional, self-report measure of empathy comprised
of 28-items answered on a 5-point Likert scale ranging from
“Does not describe me well” to “Describes me very well”
with half of the items reverse scored. The IRI comprises four
subscales: Perspective Taking (the tendency to spontaneously
adopt the psychological point of view of others, for example,
“I try to look at everybody’s side of a disagreement before I
make a decision”), Fantasy (respondents’ tendencies to transpose
themselves imaginatively into the feelings and actions of fictitious
characters in books, movies, and plays, for example, “After
seeing a play or movie, I have felt as though I were one of the
characters”), Empathetic Concern (“other-oriented” feelings of
sympathy and concern for unfortunate others, for example, “I
often have tender, concerned feelings for people less fortunate
than me”), and Personal Distress (“self-oriented” feelings of
personal anxiety and unease in tense interpersonal settings, for
example, “Being in a tense emotional situation scares me”). In the
current study, the Cronbach alpha coefficient was 0.78.
Apparatus
Participants’ visual gaze fixation patterns were captured using
an Applied Science Laboratories (ASL) Desktop Eye Tracker.
Before participants began viewing the yawn and itch stimuli
they were calibrated to the eye tracker. One computer was used
to present stimuli videos. The eye tracking unit was positioned
at the base of the stimulus computer monitor to collect and
analyze pupil/corneal reflection points of the participant (the
center of the participant’s pupil and a reflection from the surface
of the cornea) at a sampling rate of 120Hz per second, and
was connected to the computer presenting the stimuli. “Areas of
Interest” were specified around the eye region of the stimuli as
well as around the mouth region (see Figure 1) and percentage
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FIGURE 1 | Sample differences of visual fixation points for (A) individuals high
in autistic traits, and (B) individuals high in psychopathic traits. Gradients of
most attended areas on the heat maps are shown from red to yellow to green.
Areas of interest were drawn around the eyes and mouth. Percentage of time
that participant eye gaze was fixated within the eye region boxes shown below
was positively correlated with tendency to yawn contagiously.
of total time spent on each AOI by stimulus condition (yawn or
itch) was used for analysis. Fixation durations for each AOI by
condition were summed across all scenes within each condition,
to create total fixation duration variables for each AOI type. An
AOI that covered the entire screen for each trial was also created,
in order to measure overall visual attention or any loss of eye
tracking data. This was not used in analysis but was used to
exclude two participants. Adjacent fixations were merged, with
themaximum time betweenmerged fixations set to 75ms and the
maximum angle between merged fixations set to 0.5◦. Merging
fixations close in time and proximity prevents longer fixations
from being separated into shorter fixations because of data loss
or noise. Fixations shorter than 30ms that did not meet criteria
for merging were discarded.
Stimuli
The stimuli were created by having 11 adults wear wireless
earbuds while simultaneously watching youtube clips of others
yawning and scratching and looking into our video camera. Thus,
the videos of yawns and scratches (both under weak voluntary
control; see Provine, 2005) were themselves contagious yawns
and itches/scratches. In half of the stimulus clips, the adults
are looking at the camera, and in half their eyes are averted.
Itches and yawns judged to be genuine by the “actor” and the
experimenter were used in a pilot study with undergraduates to
ensure their contagious properties, and any clips that did not
produce contagious responses in the pilot group were discarded.
The original yawning and itching videos from youtube used to
create the remainder of the stimuli bank were also included
(n = 2), for a final set of 24 clips; 12 yawning, 12 itching. Each
of the 24 video clips contained 1 yawn (M = 13 s each) or 1 bout
of scratching (M= 13 s each) with fixation cartoons shown at eye
level between contagious stimuli clips within each block, lasting
∼7 s, for a total of 8min of viewing time (see Figure 2).
Procedure
The clips were presented by computer, and participants’
contagious yawn or itch responses were recorded via a video
camera mounted to the top of the 23.6-inch monitor in order to
FIGURE 2 | Sample stimuli.
capture the participants’ faces and upper bodies, as they sat 18
inches from themonitor and speakers. Audio level was preset, but
participants were given the option to adjust the volume during
the video introduction. Participants were told that they would be
viewing a series of faces making different expressions. The order
of the video clips was randomized for each participant. After
viewing the videos, participants completed the paper and pencil
measures. Participants were tested between 10 a.m. and 3 p.m.
Each participant was consented prior to starting the experiment
and debriefed afterwards. This study was approved by Trinity
College’s Institutional Review Board.
Data Coding and Analysis
Each video was independently coded by two different raters who
were naïve to participant condition (i.e., whether the participant
they were coding was watching yawns or itches as target behaviors
were being coded). Coding criteria for full yawn included the
following physical manifestations: open mouth, narrow eyes, and
indrawn breath (Provine, 2005). Inter-rater reliability was 100%
for full yawns (two partially concealed yawns were excluded from
data analysis). Coding criteria for itch required observation of
the participants’ hand moving to a body location and scratching
(increased “nose twitching” was observed during the itch trials—
it was not coded but we wonder if there may bemerit in exploring
this in future studies). Yawning and scratching behaviors were
coded both during congruent conditions (i.e., yawning coded
during presentation of yawning stimuli and itching coded during
the presentation of itching stimuli) and during incongruent
conditions (e.g., participant yawning coded during presentation
of itching stimuli and participant scratching coded during the
presentation of yawning stimuli). Overall, there was a low
rate of scratching during the yawn videos (n = 4 itches in
total across all 97 participants vs. n = 43 scratches across all
participants during itch videos) and a low rate of yawning
during the scratching videos (n = 8 yawns during non-yawn
stimuli vs. n = 51 in yawn condition), indicating that the stimuli
were successful in eliciting contagious responses. Contagion
susceptibility was operationalized as the frequency of the target
behavior throughout the entire set of stimuli.
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Participant eye gaze patterns while watching stimuli videos
were recorded using the ASL desktop eye tracker and analyzed
with ASL results plus software. The eyes and mouths of
individuals in the stimuli videos were defined as the areas of
interest in ASL. Percentage of time participant eye gaze fell within
the eyes AOI was calculated separately for yawn stimuli and itch
stimuli trials.
RESULTS
Because the mean number of yawns per participant (M = 0.31)
and itches per participant (M= 0.29) were both <1, participants
were coded dichotomously as “contagious yawners” or not and
“contagious itchers” or not. Overall, 31% (30/97) of the sample
displayed at least one contagious yawn during the presentation of
yawn stimuli and 29% (28/97) of the sample displayed at least one
contagious itch during the presentation of itch stimuli. Table 1
describes the Mean, SD, and range of the sample in terms of
chronological age, eye gaze, and measures of empathy, autistic
traits, and psychopathic traits.
Contagious Yawning
Total scores on the IRI (empathy), AQ (autistic traits), and
the PPI-R (psychopathic traits) were entered into a binary
(participants were coded as contagious yawners or not) logistic
regression model with contagious yawning serving as the
dependent variable. TheHosmer-LemeshowGoodness of Fit Test
was non-significant, supporting the model’s validity, χ2(8) = 9.9,
p = 0.25. The overall model, containing all predictor variables
was significant, χ2(3) = 28.1, p < 0.001, explaining between 25.1%
(Cox and Snell R square) and 35.5% (Nagelkerke R squared)
of the variance in contagious yawning response. However, only
AQ score (measure of autistic traits) and PPI-R score (measure
of psychopathic traits) made unique statistically significant
contributions to the model. High levels of psychopathic traits
were found to negatively predict contagious yawning χ2(1) =
−14.9, p < 0.001. In other words, the higher participants rated
themselves in psychopathic traits, the less likely they were to
yawn contagiously. Second, high levels of autistic traits also
negatively predicted contagious yawningχ2(1) =−12.6, p< 0.001,
indicating that, overall, the higher participants rated themselves
in autistic traits, the less likely they were to yawn contagiously
than those who rated themselves lower in ASD traits. These over-
arching results largely replicate previous research indicating that
contagious yawning is diminished, under naturalistic conditions,
amongst individuals with so-called “empathy disorders.” Total
empathy scores were not unique predictors of contagious
yawning status, χ2(1) = 0.07, p= 0.68.
In order to test the hypothesis that the diminished tendency
for people higher in autistic (but not psychopathic) traits to
yawn contagiously was moderated by diminished eye gaze to
target, the percentage of total time each participant spent fixated
on the eyes of the yawning stimulus targets was calculated and
this was entered into the regression model with AQ scores
and PPI-R scores. Adding percent fixation on the eyes of the
target yawn stimuli to the model increased the total variance
explained by the model to 44.4%, F(3,93) = 14.19, p = 0.002.
When percentage of eye gaze to target was added to the model,
the relationship between AQ scores and contagious yawning
decreased in strength [going from χ2(1) = 12.3, p < 0.001, to χ
2
(1)
= 8.1, p = 0.003], indicating that higher ASD scores predicting
lower contagious yawning was moderated by the association
between high ASD scores and lower percentage of time looking
at the eyes. In other words, at least some of the reason for lower
contagious yawning amongst participants with higher AQ scores
can be explained by the tendency of participants with higher
AQ scores to spend less time looking at the eyes of the target
during the yawning stimulus trials. Notably, entering eye gaze
information into the model slightly increased the strength of the
relationship between psychopathic traits and contagious yawning
[going from χ2(1) = −14.6, p < 0.001 to χ
2
(1) = −16.3, p <
0.001], indicating that the lower rates of contagious yawning
among those with higher psychopathic traits cannot be explained
by differences in eye gaze patterns toward the target. Entering
attention to the mouth region (AOI) into the model, did not
significantly change the model, χ2(1) = 28.4, p= 0.002.
Finally, the subscales of the empathy scale (personal distress,
empathetic concern, fantasy, and perspective taking) were
entered into the model, in order to determine whether
either cognitive (perspective taking, fantasy) or emotional
(personal distress, empathetic concern) aspects of empathymight
show a differential relationship with overall contagion. The
model remained largely unchanged, χ2(1) = 29.6, p = 0.02
with PPI = R scores, AQ scores, and eye gaze, remaining
significant predictors.
Contagious Itching
Total scores on the IRI, AQ, and the PPI-R were entered into
a binary logistic regression model with contagious itching (it
occurred or did not) as the dependent variable. The model was
significant, χ2(1) = 23.23, p < 0.001, explaining between 22%
(Cox and Snell R square) and 31.5% (Nagelkerke R square)
of the variance, but only because psychopathic traits inversely
predicted contagious itch, χ2(1) = −12.99, p < 0.001. Neither
autistic traits, χ2(1) = −0.214, p < 0.64, nor empathy, χ
2
(1)
= −1.55, p < 0.21, demonstrated a significant relationship to
contagious itch. Next, percent of total fixation time on the eyes
of the itch stimulus targets was entered into the model leaving it
largely unchanged, χ2(1) = 23.96, p < 0.001, and contributing no
unique variance to the model, χ2(1) = 0.66, p = 0.45, indicating
that direct eye gaze is not critical for transmitting contagious
itch, as it is for transmitting contagious yawn. Finally, the
subscales of the empathy scale (personal distress, empathetic
concern, fantasy, and perspective taking) were entered into the
model, χ2(1) = 33.986, p < 0.01, accounting for between 29.9
and 42.9% of the variance in contagious itch response. Both
higher self-reported levels of personal distress, χ2(1) = 6.62, p
= 0.01, and higher self-reported levels of psychopathic traits,
χ
2
(1) = 9.70, p < 0.01, were associated with higher levels of
contagious itch.
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FIGURE 3 | As AQ scores increased, so did personal distress. AS PPI-R scores increased, personal distress scores decreased.
Correlations
Spearman’s rho is reported as it is more robust to non-normal
distributions. Despite the fact that yawning and itching appeared
to reflect the influence of distinct predictors, these behaviors
showed a trend toward correlation, ρ = 0.161, p < 0.08 meaning
that those who exhibited one contagious behavior were more
likely to exhibit the other. AQ and PPI-R scores were inversely
correlated, ρ=−0.449, p< 0.001, indicating that these are largely
non-overlapping traits, and, indeed, AQ and PPI-R traits show
distinct patterns of relationships to eye gaze and the empathy
subscales of the IRI.
ASD traits showed an inverse correlation with percentage of
eye gaze to the AOI encompassing the target’s eyes across both
yawn stimuli, ρ = −0.198, p = 0.05, and itching stimuli, ρ =
−0.218, p = 0.05. Results thus suggest that individuals with
higher levels of ASD traits tended to spend less time looking at
the eye region of the target than people with lower levels of these
traits. Levels of psychopathic traits were unrelated to the amount
of time a participant spent looking toward the eye region of the
target either during yawn trials, ρ = 0.102, p= 0.32, or itch trials,
ρ = 0.051, p= 0.62.
Finally, ASD traits and psychopathic traits showed different
relationships to different facets of empathy (as measured by the
subscales of the IRI). The IRI is composed of 2 scales thought
to measure cognitive empathy (Perspective Taking and Fantasy)
and 2 scales thought to comprise emotional empathyDavis (1983,
1994): Empathetic Concern (the tendency to experience other-
oriented feelings of sympathy and compassion in response to
another’s misfortune), and Personal Distress (the tendency to
experience self-oriented feelings of discomfort and anxiety in
response to another’s misfortune). We had hypothesized that
higher levels of autistic traits might be inversely associated
with perspective taking and fantasy skills (aspects of cognitive
empathy), but neither empathetic concern nor personal distress
(aspects of emotional empathy).We predicted the reverse pattern
for higher psychopathic traits; that they would be inversely
related to emotional empathy subscales (empathetic concern
and personal distress) and unrelated to cognitive empathy
subscales (perspective taking and fantasy). These hypotheses
were largely unsupported. ASD traits showed no relationship
to perspective taking, ρ = −0.025, p = 0.81, fantasy, ρ =
0.075, p = 0.47, empathetic concern ρ = −0.110, p = 0.29, or
overall empathy, ρ = 0.141, p = 0.20. However, they showed
a significant positive relationship with personal distress, ρ =
0.504, p < 0.01 (see Figure 3). Psychopathic traits also did
not have a significant relationship with perspective taking, ρ
= −0.033, p = 0.75, empathetic concern, ρ = −0.158, p =
0.13, or fantasy ρ = −0.113, p = 0.28, and showed a negative
relationship with overall empathy, ρ = −0.304, p < 0.01, as
well as with personal distress, ρ = −0.488, p < 0.01 (see
Figure 3).
DISCUSSION
Consistent with previous research showing that individuals with
diagnoses of ASD (Helt et al., 2010) or high levels of psychopathic
traits (Rundle et al., 2015), are less likely to yawn contagiously,
the current study found that individuals with either high levels
of ASD traits or high levels of psychopathic traits were less
susceptible to contagious yawning than their peers low in
both types of traits. However, the current study also extends
previous results by suggesting that underlying mechanisms
influencing this diminished contagion in individuals with these
two different types of traits, appear to be distinct. Individuals
high in psychopathic traits are less susceptible to both contagious
yawn and contagious itch and this susceptibility appears to be
unrelated to direct eye gaze, and to be negatively correlated
with overall levels of empathy. Meanwhile, individuals high in
autistic traits are only less susceptible to contagious yawning,
and (unlike in individuals with high levels of psychopathic
traits), this relationship is moderated by eye gaze toward
the target. Autistic and psychopathic traits appear to have
distinct empathy profiles, most notably, opposite relationships
to personal distress (Figure 3). Overall, this pattern of results
indicates that participants with high levels of autistic traits and
high levels of psychopathic traits are largely non-overlapping
groups who show distinct patterns of susceptibility to contagion.
First of all, in the current study, the relationship between
autistic traits and contagious yawning wasmoderated by eye gaze.
In other words, people with higher levels of autistic traits spent
less time looking directly at the eyes of the stimuli targets, and
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TABLE 2 | Correlation matrix using spearman Rho.





















































































*Correlation is significant, p < 0.05.
**Correlation is significant, p < 0.01.
that explained some of the variance in why they were less likely to
yawn contagiously. In contrast, participants with higher levels of
psychopathic traits were less likely to yawn contagiously despite
no diminished tendency to attend to the eyes of the targets (see
Table 2).
Furthermore, being high in autistic traits was unrelated
to one’s tendency to itch contagiously; in other words,
individuals high in autistic traits were no more or less likely
to demonstrate contagious itch. In contrast, participants high
in psychopathic traits were significantly less likely to itch
contagiously. In other words, individuals with high levels of
autistic traits were only less likely to exhibit the form of contagion
transmitted via eye gaze, whereas individuals with high levels
of psychopathic traits were less likely to exhibit both forms
of contagion.
Contagious itch and contagious yawn also showed distinct
predictors. Observer eye gaze to eye region of target was
not a positive predictor of contagious itching, indicating that
contagious itch is not transmitted via eye gaze, as hypothesized.
Observer eye gaze was a positive predictor of contagious
yawning, consistent with previous research demonstrating
that eye gaze is a significant step in the transmission of
contagious yawning (Provine, 1989; Senju et al., 2009). High
levels of “personal distress” predicted contagious itch only.
Personal distress has been suggested to be a pure measure
of (or proxy for) emotional contagion (the tendency to take
on the inner states of others without necessarily showing
awareness of the source of the emotional state) (Decety and
Ickes, 2011), but it may be more accurately characterized as
the tendency to take on the negative emotions of others.
Importantly, autistic traits showed a positive relationship with
personal distress (a sub-component of emotional empathy),
and no relationship with overall empathy scores. In contrast,
psychopathic traits showed a negative relationship with personal
distress, as well as an inverse relationship with overall
empathy scores.
Overall results are consistent with the hypothesis that
emotional empathy amongst individuals high in ASD traits is
preserved (or possibly even heightened) under some conditions,
and when “deficits” are found, they are likely secondary to
diminished social attention. Although we must be cautious in
speculating the extent to which a trait study such as this applies to
individuals with diagnosed ASD, these results are consistent with
a growing body of literature demonstrating that if an individual
with ASD attends to and properly classifies an emotional or
bodily signal associated with the inner state of another, they are
likely to experience contagion and achieve bodily resonance with
the other (e.g., Bird et al., 2010; Lockwood et al., 2013) (see
Figure 4).
One previous study found that children with ASD showed
heightened contagious itch compared with typically developing
controls (Helt et al., 2020). The current study sheds light
on a possible factor driving that relationship. The Adolescent
and Adult Sensory processing checklist showed no relationship
to the tendency to itch contagiously. Instead, the tendency
to itch contagiously was found to be predicted by levels
of personal distress. Similar to children diagnosed with ASD
(Dziobek et al., 2008), participants high in ASD traits in
the present study reported more personal distress (though no
more contagious itch) than those low in ASD traits. Aversion
to eye gaze, and the opportunities for shared emotion with
others that accompany it (such as susceptibility to contagious
yawning), increases along with ASD traits in the general
population (Nummenmaa et al., 2012; Seara-Cardoso et al.,
2012). Current results indicate that personal distress may
do so as well. The positive relationship between “personal
distress” (the tendency to take on the negative emotions of
those around you) and autistic traits raises the possibility that
young children with ASD may turn their attention inward
as a defense mechanism against a tendency for heightened
personal distress (as we would avert our eyes from something
upsetting on a screen in order to self-regulate and reduce
our arousal).
In contrast, diminished contagion amongst people with
high levels of psychopathic traits does indeed appear to occur
against the background of global deficits in emotional empathy.
Dadds et al. (2006) reported that reduced eye gaze reverses
fear contagion in children with callous and unemotional traits.
However, the current results indicate that reduced eye gaze is not
a viable contributing factor to why adults high in psychopathic
traits are less likely to yawn (or itch) contagiously. Reduced eye
gaze may be a signifier, rather than a cause, of reduced contagion
in children with callous and unemotional traits, which is perhaps
why increasing shared eye gaze between children with callous
and unemotional traits and their caregivers have not been shown
to have any sustained benefit (Dadds et al., 2019). In contrast,
increasing eye gaze is often the first target in early intervention
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FIGURE 4 | Theoretical Model of distinct types of empathy deficits amongst those with distinct clinical traits.
with young children with autism as it is so beneficial (e.g.,
Weisberg and Jones, 2019).
It is notable that high psychopathic traits (in opposition
to autistic traits) were inversely related to personal distress.
Perhaps young children with callous and unemotional traits
(the developmental precursor of psychopathic traits) do not
experience as much distress themselves and so they are
unable to achieve bodily resonance with others even when
they are attending to others. It seems possible that when an
individual high in psychopathic traits is observing another’s
distress, the individual’s own level of distress is low and the
individual’s tendency to take on the emotion of the target
is low. Indeed, one study reported that levels of alexithymia,
rather than levels of ASD traits, correlate with empathy
deficits (Bird et al., 2010), supporting the possibility that
being able to feel corresponding emotions with others early
in life may be even more crucial to the affective components
of empathic development than attending to the emotions
of others.
The current results contribute to previous literature
suggesting that those high in psychopathic traits may register
the relevant features of the stimulus or target and the empathy
system engages but malfunctions—for example when those with
psychopathy experience pleasure at another’s pain (Yochelson
and Samenow, 1976). In contrast, those high in ASD traits may
tend not to register the salient features of strangers or stimuli
of strangers, and thus often fail to engage the empathy system
with strangers, but, for example, may register family members,
and some types of stimuli, normally; in other words, the system
is intact but less often activated (Lombardo et al., 2007; Dziobek
et al., 2008; Minio-Paluello et al., 2009; Frith, 2012; Lockwood
et al., 2013).
Limitations
Several factors limit interpretation of the current data. First
of all, this was a relatively small and homogeneous sample of
college students, not a clinical sample. However, as evidence
has increased for a smooth continuum of ASD traits across the
typical and clinical populations, as opposed to a discrete set of
symptoms that appear only in cluster at a certain point of severity,
research linking ASD traits to behavioral outcomes has become
an increasingly common research focus (Happé and Frith, 2020).
Previous studies have linked higher (subclinical) AQ scores to
behavioral markers common in individuals diagnosed with ASD,
from eye gaze (Nummenmaa et al., 2012; Seara-Cardoso et al.,
2012) to more accurate pitch and temporal processing (Stewart
et al., 2018) to lower performance on tests of social cognition
and executive function (Gokcen et al., 2016). Second, the current
study did not employ additional methods such as EMG, GSR,
or fMRI during data collection. Third, all measures were self-
report and no traits were verified by clinical observation. Future
research in our lab will aim to address these limitations.
Clinical Implications
Frith (2012) first suggested the approach of making “fine cuts” to
distinguish the empathy deficits amongst those with autistic vs.
callous and unemotional traits in order to further understand the
neural and behavioral underpinnings of each disorder and how to
best treat them. The current study’s results support the hypothesis
that affective impairments found in people with ASD are mainly
related to the recognition and processing of incoming stimuli,
rather than to the actual ability to feel emotional distress or
concern. It is important to continue to gather data regarding this
broader hypothesis, as it may inform aspects of interventions that
aim to improve empathic functioning in individuals with ASD vs.
psychopathy. For example, if evidence continues to accumulate
to support distinctions in the types of empathy experienced by
individuals with these different traits, it implies that interventions
in autism should seek to increase the extent to which the
individual identifies with, or assigns personal significance to,
unfamiliar others as well as increasing the individual’s comfort
with eye gaze early in development. In contrast, these distinctions
imply that attending to the eye gaze of others may not be a
sufficient intervention for those with psychopathic traits, and
that, perhaps instead, interventions should take a form of training
in which the experience of emotion is linked to the expression
of that emotion in others to increase the likelihood of shared
emotional experience.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving human participants were reviewed and
approved by Institutional Review Board, Trinity College. The
Frontiers in Psychology | www.frontiersin.org 9 April 2021 | Volume 12 | Article 645310
Helt et al. Patterns of Contagious Yawning and Itching
patients/participants provided their written informed consent to
participate in this study. Written informed consent was obtained
from the individual(s) for the publication of any potentially
identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS
MH: conceptualization, writing original first draft,
editing, and supervision. RS: visualization, methodology,
software, investigation, formal analysis, review, and editing.
TS: methodology, software, investigation, formal analysis,
review, and editing. MN: software, formal analysis, review,
and editing. AL: software, investigation, and formal analysis.
All authors: contributed to the article and approved the
submitted version.
ACKNOWLEDGMENTS
We wish to thank the participants, as well as Karinna Cave
Hawkins and Angelica Mushenko for their thoughtful comments
on this manuscript.
REFERENCES
Ali, F., Amorim, I. S., and Chamorro-Premuzic, T. (2009). Empathy deficits and
trait emotional intelligence in psychopathy andMachiavellianism. Pers. Individ.
Dif. 47, 758–762. doi: 10.1016/j.paid.2009.06.016
Anastassiou-Hadjicharalambous, X., and Warden, D. (2008). Physiologically-
indexed and self-perceived affective empathy in conduct-disordered children
high and low on callous-unemotional traits. Child Psychiatry Hum. Dev. 39:503.
doi: 10.1007/s10578-008-0104-y
Andreou, M., and Skrimpa, V. (2020). Theory of mind deficits and
neurophysiological operations in autism spectrum disorders: a review.
Brain Sci. 10:393. doi: 10.3390/brainsci10060393
Aniskiewicz, A. S. (1979). Autonomic components of vicarious conditioning
and psychopathy. J Clin Psychol. 35, 60–67. doi: 10.1002/1097-
4679(197901)35:1<60::AID-JCLP2270350106>3.0.CO;2-R
Arnott, S. R., Singhal, A., and Goodale, M. A. (2009). An investigation of
auditory contagious yawning. Cognit. Affect. Behav. Neurosci. 9, 335–342.
doi: 10.3758/CABN.9.3.335
Baron-Cohen, S., and Wheelwright, S. (2004). The empathy quotient: an
investigation of adults with Asperger syndrome or high functioning
autism, and normal sex differences. J. Autism Dev. Disord. 34, 163–175.
doi: 10.1023/B:JADD.0000022607.19833.00
Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J., and Clubley, E. (2001).
The autism spectrum quotient (AQ): evidence from Asperger syndrome/high
functioning autism, males and females, scientists and mathematicians. J.
Autism Dev. Disord. 31, 5–17. doi: 10.1023/A:1005653411471
Bartholomew, A. J., and Cirulli, E. T. (2014). Individual variation in contagious
yawning susceptibility is highly stable and largely unexplained by empathy or
other known factors. PLoS ONE 9:e91773. doi: 10.1371/journal.pone.0091773
Becchio, C., Pierno, A., Mari, M., Lusher, D., and Castiello, U. (2007).
Motor contagion from gaze: the case of autism. Brain 130, 2401–2411.
doi: 10.1093/brain/awm171
Benning, S. D., Patrick, C. J., and Iacono, W. G. (2005). Psychopathy, startle blink
modulation, and electrodermal reactivity in twin men. Psychophysiology 42,
753–762. doi: 10.1111/j.1469-8986.2005.00353.x
Birbaumer, N., Veit, R., Lotze,M., Erb,M., Hermann, C., et al. (2005). Deficient fear
conditioning in psychopathy: a functional magnetic resonance imaging study.
Arch. Gen. Psychiatry 62, 799–805 doi: 10.1001/archpsyc.62.7.799
Bird, G., Silani, G., Brindley, R., White, S., Frith, U., and Singer, T. (2010).
Empathic brain responses in insula are modulated by levels of alexithymia but
not autism. Brain 133, 1515–1525 doi: 10.1093/brain/awq060
Blair, R. J. (2005). Responding to the emotions of others: dissociating forms of
empathy through the study of typical and psychiatric populations. Conscious.
Cogn. 14, 698–718. doi: 10.1016/j.concog.2005.06.004
Blair, R. J. R. (1996). Psychophysiological responsiveness to the distress
of others in children with autism. Personal. Individ. Diff. 26, 477-485.
doi: 10.1016/S0191-8869(98)00154-8
Blair, R. J. R. (1999). Responsiveness to distress cues in the child
with psychopathic tendencies. Pers. Individ. Dif. 27, 135–145.
doi: 10.1016/S0191-8869(98)00231-1
Blair, R. J. R., Mitchell, D. G. V., Peschardt, K. S., Colledge, E., Leonard,
R. A., Shine, J. H., et al. (2004). Reduced sensitivity to others’ fearful
expressions in psychopathic individuals. Pers. Individ. Dif. 37, 1111–1122.
doi: 10.1016/j.paid.2003.10.008
Charman, T., and Baron-Cohen, S. (1992). Understanding beliefs and
drawings: a further test of the metarepresentation theory of autism. J.
Child Psychol. Psychiatry 33, 1105–1112. doi: 10.1111/j.1469-7610.1992.tb0
0929.x
Chen, C., Hung, A.-Y., Fan, Y.-T., Tan, S., Hong, H., and Cheng, Y. (2017). Linkage
between pain sensitivity and empathic response in adolescents with autism
spectrum conditions and conduct disorder symptoms. Autism Res. 10, 267–275
doi: 10.1002/aur.1653
Clark, T. F., Winkielman, P., and McIntosh, D. N. (2008). Autism and the
extraction of emotion from briefly presented facial expressions: stumbling at
the first step of empathy. Emotion 8:803. doi: 10.1037/a0014124
Cordoni, G., Favilli, E., Palagi, E. (2021). Earlier than previously thought: yawn
contagion in preschool children. Dev. Psychobiol. 1-14. doi: 10.1002/dev.22094
Dadds, M. R., Allen, J. L., McGregor, K., Woolgar, M., Viding, E., and Scott, S.
(2014). Callous-unemotional traits in children and mechanisms of impaired
eye contact during expressions of love: a treatment target? J. Child Psychol.
Psychiatry 55, 771–780. doi: 10.1111/jcpp.12155
Dadds, M. R., Cauchi, A. J., Wimalaweera, S., Hawes, D. J., and Brennan, J. (2012).
Outcomes, moderators, and mediators of empathic-emotion recognition
training for complex conduct problems in childhood. Psychiatry Res. 199,
201–207. doi: 10.1016/j.psychres.2012.04.033
Dadds, M. R., El Masry, Y., Wimalaweera, S., and Guastella, A. J.
(2008). Reduced eye-gaze explains “fear blindness” in childhood
psychopathic traits. J. Am. Acad. Child Adolesc. Psychiatry 47, 455–463.
doi: 10.1097/CHI.0b013e31816407f1
Dadds, M. R., English, T., Wimalaweera, S., Schollar-Root, O., and Hawes,
D. J. (2019). Can reciprocated parent–child eye gaze and emotional
engagement enhance treatment for children with conduct problems and
callous-unemotional traits: a proof-of-concept trial. J. Child Psychol. Psychiatr.
60, 676–685. doi: 10.1111/jcpp.13023
Dadds, M. R., Hawes, D. J., Frost, A. D. J., Vassallo, S., Bunn, P. B., Hunter, K.,
et al. (2009). Learning to ‘talk the talk’: the relationship of psychopathic traits to
deficits in empathy across childhood. J. Child Psychol. Psychiatry 50, 599–606.
doi: 10.1111/j.1469-7610.2008.02058.x
Dadds, M. R., Jambrak, J., Pasalich, D., Hawes, D. J., and Brennan, J.
(2011). Impaired attention to the eyes of attachment figures and the
developmental origins of psychopathy. J. Child Psychol. Psychiatry 52, 238–245.
doi: 10.1111/j.1469-7610.2010.02323.x
Dadds, M. R., Perry, Y., Hawes, D. J., Merz, S., Riddell, A. C., Haines, D.
J., et al. (2006). Attention to the eyes reverses fear recognition deficits in
child psychopathy. Br. J. Psychiatry 189, 280–281. doi: 10.1192/bjp.bp.105.
018150
Davis, M. H. (1980). A multidimensional approach to individual differences in
empathy. JSAS Catalog Select. Doc. Psychol. 10:85.
Davis, M. H. (1983). The effects of dispositional empathy on emotional reactions
and helping: a multidimensional approach. J. Personal. 51, 167–184.
Davis, M. H. (1994). A Social Psychological Approach. Madison: Brown and
Benchmark Publishers.
Dawson, G., Toth, K., Abbott, R., Osterling, J., Munson, J., Estes, A., et al.
(2004). Early social attention impairments in autism: social orienting,
joint attention, and attention to distress. Dev. Psychol. 40, 271–283.
doi: 10.1037/0012-1649.40.2.271
de Wied, M., van Boxtel, A., Matthys, W., and Meeus, W. (2012). Verbal, facial
and autonomic responses to empathy-eliciting film clips by disruptive male
Frontiers in Psychology | www.frontiersin.org 10 April 2021 | Volume 12 | Article 645310
Helt et al. Patterns of Contagious Yawning and Itching
adolescents with high versus low callous–unemotional traits. J. Abnorm. Child
Psychol. 40, 211–223. doi: 10.1007/s10802-011-9557-8
Decety, J., and Ickes, W. (2011). The Social Neuroscience of Empathy. Cambridge,
MA: MIT Press.
Dolan, M., and Fullam, R. (2004). Theory of mind and mentalizing ability in
antisocial personality disorders with and without psychopathy. Psychol. Med.
34, 1093–1102. doi: 10.1017/S0033291704002028
Dziobek, I., Rogers, K., Fleck, S., Bahnemann, M., Heekeren, H. R., Wolf, O. T.,
et al. (2008). Dissociation of cognitive and emotional empathy in adults with
Asperger syndrome using the Multifaceted Empathy Test (MET). J. Autism
Dev. Disord. 38, 464–473. doi: 10.1007/s10803-007-0486-x
Eigsti, I. M. (2013). A review of embodiment in autism spectrum disorders. Front.
Psychol. 4:224. doi: 10.3389/fpsyg.2013.00224
Fan, Y.-T., Chen, C., Chen, S.-C., Decety, J., and Cheng, Y. (2014). Empathic
arousal and social understanding in individuals with autism: evidence from
fMRI and ERP measurements. Soc. Cogn. Affect. Neurosci. 9, 1203–1213.
doi: 10.1093/scan/nst101
Frick, P. J., O’Brien, B. S., Wootton, J. M., and McBurnett, K. (1994). Psychopathy
and conduct problems in children. J. Abnorm. Psychol. 103, 700–707.
doi: 10.1037/0021-843X.103.4.700
Frick, P. J., and Viding, E. (2009). Antisocial behavior from a developmental
psychopathology perspective. Dev. Psychopathol. 21, 1111–1131.
doi: 10.1017/S0954579409990071
Frith, C. D., and Frith, U. (2006). The neural basis of mentalizing. Neuron 50,
531–534. doi: 10.1016/j.neuron.2006.05.001
Frith, U. (2012). The 38th sir frederick bartlett lecture: why we need
cognitive explanations of autism. Q. J. Exp. Psychol. 65:2073.
doi: 10.1080/17470218.2012.697178
Frith, U., andHappé, F. (1994). Language and communication in autistic disorders.
Philos. Trans. R. Soc. London B 346, 97–104. doi: 10.1098/rstb.1994.0133
Gaigg, S. B. (2012). The interplay between emotion and cognition in autism
spectrum disorder: implications for developmental theory. Front. Integr.
Neurosci. 4:113. doi: 10.3389/fnint.2012.00113
Giganti, F., and Esposito Ziello, M. (2009). Contagious and spontaneous yawning
in autistic and typically developing children. Curr. Psychol. Lett. 25, 1–11.
doi: 10.4000/cpl.4810
Gillberg, C. (1992). The Emanuel Miller Lecture, 1991: Autism and autistic-like
conditions: subclasses among disorders of empathy. J. Child Psychol. Psychiatry
33, 813–842. doi: 10.1111/j.1469-7610.1992.tb01959.x
Gokcen, E., and Frederickson, N., and Petrides, K. (2016). Theory of
mind and executive control deficits in typically developing adults and
adolescents with high levels of autism traits. J. Autism Dev. Disord. 46.
doi: 10.1007/s10803-016-2735-3
Gottfried, J., Lacinová, L., and Širu̇ček, J. (2015). Contagious yawning and
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